The data underlying the results presented in the study are available within manuscript.

1. Introduction {#sec001}
===============

While nutritious crop varieties (including those enriched with micronutrients) represent a crucial demand for healthy growth and development of human beings, few micronutrient-enriched food crop varieties exist among global staple cultivated crop varieties. In particular, iron (Fe) is an essential element for hemoglobin with zinc (Zn) also providing a key co-factor for more than three hundred enzymes involved in principal biological activities \[[@pone.0234395.ref001], [@pone.0234395.ref002]\]. Deficiencies of Fe and Zn cause a wide range of health problems, including but not limited to anemia, reduced growth, poor cognitive development, stunting, reduced immunity, diarrhea, lesions on eyes and skin, delayed healing of wounds, and mental lethargy \[[@pone.0234395.ref003], [@pone.0234395.ref004]\]. Currently, more than two billion people in the world---especially children and pregnant or lactating women---suffer from Fe and Zn deficiency diseases \[[@pone.0234395.ref005]\]. And while micronutrient enriched supplementary drugs are available to remediate these problems, such drugs are typically prescribed by doctors only after micronutrient deficiency symptoms appear and are often prohibitively expensive \[[@pone.0234395.ref006]\].

According to FAO, more than 90% of Asian people depend on rice as food, delivering micronutrients via rice would afford these missing micronutrient benefits in a more cost-effective and wider-reaching way \[[@pone.0234395.ref007], [@pone.0234395.ref008]\]. "Biofortification"---or, the hybridization of food crops with rich vitamin and mineral densities---represents one powerful and cost-effective tool for providing these micronutrients and for reducing or eliminating micronutrient-related malnutrition \[[@pone.0234395.ref007]--[@pone.0234395.ref009]\]. In general, although consumers prefer milled rice, which unfortunately provides an only limited source of Fe and Zn micronutrients, research to identify rice germplasm with higher micronutrient content can make rice biofortification breeding programs possible \[[@pone.0234395.ref010], [@pone.0234395.ref011]\]. A biofortification breeding program was succeeded for Zn-enriched rice varieties in Bangladesh, India, and Philippines \[[@pone.0234395.ref012]\]. However, amylose content in rice is also an important determinant for maintaining the eating and cooking quality of rice, as determined by three principal physicochemical properties: amylose content (AC), gel consistency (GC), and gelatinization temperature (GT). In general, rice growers prefer high amylose content rice, such that amylose-categorized rice germplasm would be required for any rice biofortification program to match market viability and grower and consumer preferences. Protein is an essential component of diet which provides basic function in nutrition and supply adequate amounts of needed amino acids in the body. Therefore, enhancing protein content in rice is an important criterion for consumer preference for ensuring healthy life \[[@pone.0234395.ref013]\].

Micronutrient Fe, Zn, amylose, and protein content varies widely among rice germplasm, landraces, cultivars, breeding lines, and wild rice. Among these, aromatic rice germplasms constitute a small but important group of rice genotypes that are popular (and increasingly in demand) in many countries of the world for their aroma and/or super-fine grain quality \[[@pone.0234395.ref014]\]. As such, aromatic rice represents a strategic choice for biofortification and is also readily available and popular in Bangladesh, where it comprises short and medium bold types with a mild to strong aroma \[[@pone.0234395.ref015], [@pone.0234395.ref016]\]. Although genetic diversity and population structure analysis based on phenotypic and genotypic characteristics of aromatic rice have been reported \[[@pone.0234395.ref017], [@pone.0234395.ref018]\], the micronutrient content for Fe, Zn, amylose, and protein content have not yet been analyzed.

The rice varieties enriched with micronutrients like iron (Fe), zinc (Zn), and/or other vitamins are considered better quality rice. Recently, demands for this type of rice has increased as a way to offset micronutrient deficiencies both in children and older people. While Fe- and Zn-rich rice varieties have been developed through conventional breeding approaches and cultivation in rice-growing countries, several issues---like complex genetic backgrounds, sophisticated phenotyping, lack of knowledge about molecular markers, and interactions between germplasm and environmental \[[@pone.0234395.ref019], [@pone.0234395.ref020]\]---make such an approach time-consuming to meet growing demand and climate change effects. In contrast, identification of quantitative trait loci (QTLs) and genes for high Fe, Zn, amylose, and protein content could lead to more results more quickly. Furthermore, these genes or loci could be introgressed into cultivar backgrounds precisely through molecular marker assisted breeding (MAB) and genetic engineering approaches to enable early release of rice varieties \[[@pone.0234395.ref021]\].

QTL is a locus, or a part, of DNA estimated from quantitative trait and molecular marker data in a population. To map QTLs or genes, bi-parental mapping and genome-wide association studies (GWAS) have been applied to a number of rice traits \[[@pone.0234395.ref020]--[@pone.0234395.ref024]\]. However, GWAS have several merits over bi-parental mapping, including high resolution and scanning for numerous and rare alleles \[[@pone.0234395.ref025]\]. GWAS have been utilized to identify QTLs for Fe, Zn, and several other mineral elements in rice seeds \[[@pone.0234395.ref020], [@pone.0234395.ref024]\]. In addition, 31 putative QTLs have been identified for Fe and Zn (as well as Mn, Cu, Ca, Mg, P, and K) contents \[[@pone.0234395.ref026]\]. In one study, 14 QTLs for Fe and Zn and candidate genes *OsYSL1* and *OsMTP1* for Fe and *OsARD2*, *OsIRT1*, *OsNAS1*, and *OsNAS2* for Zn were identified in rice seeds \[[@pone.0234395.ref027]\].

While mapping of QTLs for Fe and Zn concentrations in non-aromatic rice has been performed, limited studies have investigated Fe and Zn concentrations (and amylose and protein content) in aromatic rice. The purpose of this study, therefore, was: (1) to identify high yield genotypes for Fe, Zn, amylose, and protein content in 113 aromatic rice germplasm, (2) to cluster the genotypes based on the studied traits, and (3) to identify QTLs for Fe, Zn, amylose, and protein content using molecular marker-trait associations studies.

2. Results {#sec002}
==========

2.1 Mean comparison and frequency distribution {#sec003}
----------------------------------------------

[Fig 1](#pone.0234395.g001){ref-type="fig"} and [Table 1](#pone.0234395.t001){ref-type="table"} present frequency distributions and means comparison of 113 aromatic germplasm for four phenotypic traits (Fe, Zn, amylose, and protein content). [Fig 1](#pone.0234395.g001){ref-type="fig"} depicts a normal frequency distribution, along with a wider phenotypic variation, for grain-Fe content (8.90 ± 3.72 ppm, range 1.10--16.90). The highest number of genotypes (25) occupied the 10--11 range followed by 11--12. The Zn content also showed a normal frequency distribution with an average 19.93 ± 6.48 ppm, with the highest number of genotypes (22) occupying the 20--21.66 range followed by 10.00--13.33 and 21.67--25. Overall, the Radhuni pagal genotype exhibited the maximum Zn content and the Luina genotype the minimum.

![Frequency distribution of 113 aromatic rice germplasm for four traits.](pone.0234395.g001){#pone.0234395.g001}

10.1371/journal.pone.0234395.t001

###### Mean values of selected superior and inferior lines for studied traits.

![](pone.0234395.t001){#pone.0234395.t001g}

  Variety/ Line                           Amylose   Protein   Zn      Fe
  --------------------------------------- --------- --------- ------- -------
  **Selected seven superior genotypes**                               
  Kalobakri                               23.80     8.22      34.10   12.70
  Sakkorkhana                             20.70     9.50      34.00   11.00
  Hatisail                                20.40     11.00     32.60   11.60
  Rajbut                                  20.60     9.10      27.80   10.80
  Sakkor khora                            20.30     8.00      27.70   13.50
  Radhuni pagal                           21.00     9.00      27.00   16.90
  Thakurbhog                              26.60     7.20      19.00   12.00
  **Selected seven inferior genotypes**                               
  Lal Soru                                20.10     7.60      7.30    5.80
  Luina                                   22.50     8.10      8.90    1.10
  Sadagura (Sl -104)                      24.30     6.30      18.20   10.30
  Gobindhabhog (Sl -110)                  20.80     6.40      20.60   9.00
  Jirabuti                                18.20     8.40      25.30   10.80
  Begunmala                               19.10     8.10      26.40   11.80
  Chinniguri                              19.10     8.30      20.30   10.20
  **Calculations**                                                    
  Max.                                    26.60     11.00     34.10   16.90
  Min.                                    18.20     6.30      7.30    1.10
  Average                                 21.88     8.19      19.93   8.90
  Std                                     1.91      1.03      6.48    3.72
  SE                                      0.18      0.10      0.61    0.35
  CV                                      8.72      12.54     32.50   41.74
  LSD (5%)                                0.35      0.19      1.19    0.69

Amylose content exhibited a wider range, from 18.20--26.60, with an average for the 113 genotypes of 21.88 ± 1.91. The highest number of genotypes (17) occupied the 20.00--21.25 range followed by 21.25--22.5, with the genotype Thakurbhog exhibited the maximum amylose content and the genotype Jirabuti the minimum. The least significant difference (LSD) (5%) was estimated at 0.35 considering all genotypes for the trait.

Protein content also showed a normal frequency distribution, with an average for the 113 genotypes of 8.19±0.10 ppm. The highest number of genotypes (22) occupied the 8.00--8.5 range, with genotype Hatisail exhibiting the maximum protein content (11.00) and Sadagura (Sl -104) the minimum (6.30). The Zn content ranged from 7.30 to 34.10 with an average of 19.93 ± 0.61ppm, and the genotype Kalobakri exhibiting the maximum.

2.2 Regression analysis {#sec004}
-----------------------

The response function for the relationship between Zn concentration and Fe concentration (shown in [Fig 2](#pone.0234395.g002){ref-type="fig"}) exhibited a strong, highly significant linear relationship (R^2^ = 0.693) between both. Zn content (ppm) was positively affected by Fe concentration and showed a strong relationship with Fe (F = 250.73, p \< 0.001), e.g., with increasing Zn content, the Fe content increases and vice-versa.

![Linear regression showing Zn concentration as a dependent variable on Fe concentration.](pone.0234395.g002){#pone.0234395.g002}

2.3 Cluster analysis {#sec005}
--------------------

The 113 germplasm were grouped into four major clusters (I, II, III and IV) at a 26% level of genetic similarity coefficient ([Fig 3](#pone.0234395.g003){ref-type="fig"}). Cluster I comprised 35 germplasm and was further classified into two sub-clusters IA and IB with 15 and 20 germplasm, respectively. Similarly, Cluster II comprised 21 genotypes and was further subdivided, with sub-clusters IIA and IIB having 12 and 9 germplasm, respectively, as well as higher diversity. Cluster III (with 37 genotypes, divided into IIIA and IIIB with 20 and 17, respectively) had a higher number of genotypes exhibit variable genetic distances among the germplasm. Cluster IV (with 19 genotypes, and 17 and 2 sub-clusters in IVA and IVB, respectively) was the smallest; in IVB, the two genotypes were Sakor and Chini Sagar. Higher inter-cluster was revealed between clusters III and IV, followed by clusters I and II (see [Fig 3](#pone.0234395.g003){ref-type="fig"}).

![A UPGMA cluster dendrogram of 113 aromatic rice germplasm based on 4 physio-chemical traits using Ward's method.](pone.0234395.g003){#pone.0234395.g003}

2.4 Molecular marker-trait associations {#sec006}
---------------------------------------

In the study, 45 polymorphic SSR markers were used in 113 rice genotypes for four phenotypic traits. [Table 2](#pone.0234395.t002){ref-type="table"} shows results of significant marker-trait associations. A total of eight significant markers were identified for four nutritional traits including high Fe, Zn, amylose, and protein, with each significant marker designated a quantitative trait loci (QTL): four QTLs for protein, two QTLs for Zn, one QTL for Fe, and one QTL for protein. These QTLs were mapped using Mapdisto Version 2 (see [Fig 4](#pone.0234395.g004){ref-type="fig"}).

![QTL map showing eight significant markers for four phenotypic traits in 113 aromatic rice germplasm.](pone.0234395.g004){#pone.0234395.g004}

10.1371/journal.pone.0234395.t002

###### Significant marker-trait associations indicating quantitative trait loci for Fe, Zn, amylose and protein content in 113 rice genotypes.

![](pone.0234395.t002){#pone.0234395.t002g}

  Traits             QTL name          Marker   Chromosome   Position (cM)   LOD    R^2^ (%)   p-value
  ------------------ ----------------- -------- ------------ --------------- ------ ---------- ---------
  Fe                 *QTL*.*Fe*.*9*    RM215    9            1.8             1.24   3.65       0.0424
  Zn                 *QTL*.*Zn*.*4*    RM551    4            8.5             1.71   5.89       0.0095
  *QTL*.*5n*.*5*     RM413             5        26.7         1.18            4.54   0.0234     
  Amylose            *QTL*.*amy*.*6*   RM190    6            7.4             1.11   4.41       0.0256
  *QTL*.*amy*.*7*    RM125             7        63.5         1.45            5.7    0.0109     
  *QTL*.*amy*.*8*    RM284             8        83.7         1.83            7.2    0.0041     
  *QTL*.*amy*.*11*   RM144             11       68.6         1.49            5.9    0.0095     
  Protein            *QTL*.*pro*.*1*   RM5      1            94.9            2.02   7.89       0.0026

For Fe content, its single QTL was located on chromosome 9 at position 1.8cM, with 3.65% variance (p \< 0.05, LOD 1.24). For Zn content, two QTLs were located on chromosomes 4 and 5 at positions 8.5 and 26.7cM, respectively, with *QTL*.*Zn*.*4* contributing higher variance (5.89%, p \< 0.01 and LOD 1.71). For protein content, one QTL, *QTL*.*pro*.*1*, located on chromosome 1 at position 94.9 cM contributed a maximum 7.89% variance (p \< 0.01, LOD 2.02). For amylose, 4 QTLs (*QTL*.*amy*.*6*, *QTL*.*amy*.*7*, *QTL*.*amy*.*8 and QTL*.*amy*.*11*) were identified. In particular, *QTL*.*amy*.*8* revealed on chromosome 8 exhibited 7.2% variance (p \< 0.01, LOD 1.83), followed by *QTL*.*amy*.*11* (LOD 1.49), *QTL*.*amy*.*7* (LOD 1.45) *and QTL*.*amy*.*6* (LOD 1.11).

3. Discussion {#sec007}
=============

Plant breeding programs for biofortification of staple food crops (like rice or wheat) require screening of germplasm and varieties and/or elite lines having Fe, Zn, protein, and amylose dense grains to be used as donor parents \[[@pone.0234395.ref028]\]. An increase in concentration of these elements in grain is a high-priority research area. For example, maximum micronutrients are frequently present in some landraces and /or genetically distant wild varieties \[[@pone.0234395.ref029]\]. As such, exploitation of large genetic variation for Fe, Zn, amylose, and protein existing in cereal germplasm represents an important strategy for minimizing the extent of Fe and Zn deficiencies in developing world.

In our study, the frequency distribution was normal for Fe, Zn, amylose, and protein content with maxima found in the Radhuni pagal, Kalobakri, Hatisail, and Thakurbhog genotypes, respectively. While the reasons for variably high-content varieties remain to be determined exactly, similar findings have been reported in other varieties of rice \[[@pone.0234395.ref030], [@pone.0234395.ref031]\]. One study obtained normal frequency distribution for Zn content and skewed distribution for Fe content in a recombinant inbred lines (RILs) population obtained from Madhukar×Swarna \[[@pone.0234395.ref027]\]. That study identified higher concentrations of Fe and Zn in Swarna (22.5ppm) and Madhukar (53.7 ppm), respectively. Moreover, pH, organic matter content, inherent Fe/Zn levels of native soil, environment, genotype, and genotype×environment interaction have all shown significant effects on rice grain Fe and Zn content \[[@pone.0234395.ref030], [@pone.0234395.ref031]\].

For genetic improvement of aromatic rice accessions in Bangladesh, a broader genetic base is required. Cluster analysis, which indicates the diversity and distances among experimental germplasm, offers a key tool in this effort. In this study, the 113 germplasms were grouped into four distinct clusters based on Mahalanobis D^2^ distances. Previous research clustered 113 aromatic and fine rice genotypes into ten groups based on 19 quantitative traits \[[@pone.0234395.ref017]\], ten clusters in rice genotypes \[[@pone.0234395.ref032], [@pone.0234395.ref033]\], and clusters of 58 rice varieties in groups based on 18 morphological traits with a genetic distance of approximately 0.75 \[[@pone.0234395.ref034]\].

In this study, cluster III consisted of 37 genotypes, with a higher number of genotypes exhibiting variable genetic distances. While the other clusters also exhibited variable genetic distances, the highest inter-cluster was observed between III and IV. Genotypes having distant clusters offer the best opportunity for hybridization in order to achieve a higher heterotic response.

The eight significant marker trait associations (MTA) were assayed using a general linear model (GLM). Most of these loci were similar to the major loci reported for these traits \[[@pone.0234395.ref035]--[@pone.0234395.ref042]\]. In the genotypic analysis, seven out of the 119 SSR markers used were linked to known major-effect drought grain yield QTLs identified at International Rice Research Institute (IRRI) \[[@pone.0234395.ref038]\]. Here, we identified several novel loci for Fe, Zn, amylose, and protein content in rice.

The most significant QTL protein content was *QTL*.*pro*.*1* located on chromosome 1 in position 94.9 cM with LOD 2.02 and 7.89% variance. This QTL is useful for marker assisted breeding (MAB) for higher protein content in rice. Several consistent minor-effect QTLs were also identified for amylose content, with the most significant QTL located on chromosome 8. QTLs are considered significant when above the threshold LOD score 3.0 \[[@pone.0234395.ref043]\]. Other research reported two QTLs on chromosomes 1 (markers RM8111-RM14323, LOD 2.03) and 9 (markers RM219-RM23914, LOD 2.88) for amylose content \[[@pone.0234395.ref044]\], as well three QTLs on chromosomes 8 (RM506-RM1235, LOD 2.57), 9 (RM219-RM23914, LOD 2.66) and 10 (RM24934-RM25128, LOD 6.13) for protein content in 120 doubled haploid (DH) rice population. For nutrient content itself, three QTLs were identified (one for Fe and two for Zn content) \[[@pone.0234395.ref044]\]. In particular, the highly significant *QTL*.*Zn*.*4* located on short arm of chromosome 4 with LOD 1.71 contributed a considerable amount of variability (R^2^ = 5.89%) \[[@pone.0234395.ref044]\].

Other studies obtained 42 and 3 SSR markers association with grain Fe and Zn content, respectively. Using a GLM model with r^2^ \> 0.10 and p ≤ 0.05 filters, they reported novel QTLs *qFe3*.*3* and *qFe7*.*3* for grain Fe and *qZn2*.*2*, *qZn8*.3 and *qZn12*.*3* for Zn in 485 germplasm lines of milled rice \[[@pone.0234395.ref045]\]. Also, one study reported QTL *qSDW3*, associated with stem dry weight and a significant LOD score of 10.7, that explained approximately 7.5% of the phenotypic variation \[[@pone.0234395.ref046]\], as well as another two QTLs located on chromosomes 3 and 4 with LOD scores 5.3 and 4.8 explaining 4.5% and 12.5% variance. In the same study, another locus between RM119-RM518 was also observed on chromosome 4 that shared about 2.45% in phenotypic variance \[[@pone.0234395.ref046]\]

Overall, these results demonstrate that association mapping represents a feasible option for identifying major-effect QTLs for traits studied. Indeed, genome-wide association analysis (GWAS) for complex traits using molecular markers like simple sequence repeats (SSRs) are becoming a more efficient tool for identifying loci or genes for a particular trait in crop plants. In the present study, using this technique, we have identified potential candidate QTLs for biofortification of rice for four key micronutrient traits.

4. Materials and methods {#sec008}
========================

4.1 Plant materials {#sec009}
-------------------

In this study, 113 aromatic rice germplasm representing landraces, fine rice genotypes, elite cultivars, and exotic genotypes preserved in the genebank of Bangladesh Rice Research Institute (BRRI), Gazipur, Bangladesh were used. Names for the 113 aromatic rice germplasm, along with quantitative phenotypic traits, have been previously described \[[@pone.0234395.ref017]\]. Amylose and protein content were measured at the BRRI, Grain Quality and Nutrition Division, while micronutrient Fe and Zn were determined at the BRRI, Plant Breeding Division.

4.2 Measurement of protein content {#sec010}
----------------------------------

The Micro-Kjeldahl method was used for the determination of nitrogen \[[@pone.0234395.ref047]\]. Fifty milligrams of powdered sample were introduced into a 30 ml Kjeldahl flask. The catalyst mixture (K~2~SO~4~, CuSO~4~ and Selenium powder) of 1.95 g was added followed by 2.3 ml concentrated H~2~SO~4~. Digestion was continued until the mixture became clear. After digestion, the flask was connected to a distillation set up. An Erlenmeyer flask (125 ml) containing 10 ml boric acid solution plus one drop of mixed indicator was placed under the condenser with the tip of the condenser extending below the surface of the solution. Then 9 ml of NaOH-Na~2~S~2~O~3~ solution was added slowly to the digest. The flask was connected to the steam source and distilled until about 30 ml distillate was collected. The distillate was immediately titrated against a standard HCl solution to the first appearance of a violet or reddish color. A blank determination was made simultaneously.

![](pone.0234395.e001.jpg){#pone.0234395.e001g}
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4.3 Measurement of amylose content {#sec011}
----------------------------------

Juliano's method was used for the analysis of amylose content \[[@pone.0234395.ref048]\]. A milled rice sample of 100 mg was placed in a 100 ml volumetric flask. One ml of 95% ethanol and 9 ml of 1N NaOH were added to it. The contents were heated on a boiling water bath to gelatinize the starch. After cooling for one-hour, distilled water was added and the contents were mixed well. Five ml of the starch solution was put in a 100 ml volumetric flask. One ml of 1N acetic acid and 2 ml of iodine solution were added. Then distilled water was added to bring the volume up to the mark. The sample solution was set at 620 nm with a spectrophotometer. Absorbance values were plotted and a calculation was made with the help of a standard curve, available for rice samples of predetermined amylose content. Results were expressed as per cent amylose content in milled rice weight.

4.4 Measurement of Fe and Zn content (mg/kg) {#sec012}
--------------------------------------------

Polished grain was analyzed by Inductively Coupled Plasma (ICP) from the Plant Breeding Division Laboratory at BRRI. For each treatment, 0.6 g of powder were weighed accurately and placed in high-pressure digestion vessels (125 ml Erlenmeyer flask). A 10 ml mixture of HClO~4~:HNO~3~ (1:10) was added to each flask and covered loosely with a plastic film label "perchloric" and kept overnight or longer in the fume hood. Pre-digested samples were mixed well by swirling and placed onto a hotplate and the temperature increased gradually to 225 °C. Then 2 ml of 2:5 mixture of HClO~4~:HNO~3~ were added to each sample. When digests were clear to light yellow, the temperature was increased up to 240 °C and heated until 1 ml of digest (sample) was left. After cooling, the samples were diluted in 10 ml of 0.5N HCl. The digested samples were used for the quantification of Fe and Zn by inductively coupled plasma-optical emission spectrophotometer (ICP-OES) using a modified procedure \[[@pone.0234395.ref049]\]. The concentrations of Fe and Zn were determined and presented as mg/kg (ppm). The seed-Fe and Zn contents of germplasm were estimated, and statistical analysis done using their average values.

4.5 Molecular characterization {#sec013}
------------------------------

We used 52 well-distributed SSRs for the molecular characterization ([S1 Data](#pone.0234395.s001){ref-type="supplementary-material"}). The cM positions, repeat motifs, and chromosomal positions for the SSR markers can be found in the rice genome database \[[@pone.0234395.ref050]\]. Out of these 52 SSR markers, 45 were polymorphic, while 7 were monomorphic. The 45 polymorphic markers selected for analysis were distributed across the 12 chromosomes, from those 3 linked to aromatic traits, 4 related to cooking and eating quality traits, and 31 were listed in the panel of 50 standard SSR markers used for marker-trait analysis; the remainder of SSRs were selected randomly.

DNA was extracted from the young leaves of 21-day-old plants using the miniscale method \[[@pone.0234395.ref051]\]. Each PCR was carried out in a 20 μl reaction volume containing 1 μl of MgCl~2~ free 10 × PCR buffer with (NH4)~2~SO~4~, 1.2 μl of 25 mM of MgCl~2~, 0.2 μl of 10 mM of dNTPs, 0.2 μl of 5 U/μl Taq DNA polymerase, 0.5 μl of 10 μM forward and reverse primers, and 3 μl (10 ng) of DNA using a 96-well thermal cycler. An additional 10 μl of mineral oil was added in each well to prevent evaporation. Amplification was carried out using a G-storm PCR machine (Gene Technologies Ltd., England). Amplification conditions were one cycle at 94°C for 5 minutes (initial denaturation) followed by 35 cycles at 94 °C for 1 minute (denaturation), 55 °C for 1 minute (annealing), 72 °C for 2 minutes (extension), with a final extension for 7 minutes at 72 °C at the end of 35 cycles. After mixing with the loading dye, PCR products were run through polyacrylamide gels. A 50 bp DNA ladder was used to determine the amplicon size. Three 4 μl PCR products were resolved by running gel in 1X TB buffer for 1.5 to 2.5 h depending upon the allele size at approximately 90 volts and 500 mA electricity. Gels were then stained with 1 μg/mL of ethidium bromide and documented using a Molecular Imager gel documentation unit (XR System, BIO-RAD, Korea).

4.6 Statistical analysis {#sec014}
------------------------

### Phenotypic analysis {#sec015}

All data used to analyse and presented in this paper are provided as supplementary files ([S1 Fig](#pone.0234395.s002){ref-type="supplementary-material"} and [S1 Table](#pone.0234395.s003){ref-type="supplementary-material"}). The diverse statistical parameters, including mean, standard deviation, coefficient of variation (CV), analysis of variance (ANOVA), frequency distribution and Pearson's correlation coefficient, regression co-efficient of seed Fe, Zn, amylose, and protein contents among accessions were measured using SPSSv17.0. A UPGMA cluster dendrogram of 113 aromatic rice germplasm based on 4 physio-chemical traits was constructed using PAST software package \[[@pone.0234395.ref052]\] following Ward\'s hierarchical clustering method.

### Molecular marker-trait association analysis {#sec016}

The size of the band for each 45 polymorphic markers was scored by AlphaEaseFC 4.0 software. The summary statistics, including the number of alleles, major allele size, and frequency was determined using PowerMarker version 3.25 \[[@pone.0234395.ref053]\]. The allele frequency data from PowerMarker was used to export the data in binary format (allele presence = "1" and allele absence = "0") for analysis with NTSYS-pc version 2.2 \[[@pone.0234395.ref054]\]. Association mapping was conducted for four quantitative traits viz., Fe, Zn, amylose, and protein content in rice grain. A general linear model (GLM) was used for assessment of marker-trait associations (MTA) in R version 5.2.2 \[[@pone.0234395.ref055]\]. The molecular marker-trait associations were calculated using the binary data. To detect the association of Fe, Zn, amylose, and protein content in the rice genome, logarithm of odds (LOD) thresholds were calculated using 1000 permutations with a significance threshold of p = 0.05 used as a criteria for QTL analysis of markers with the trait \[[@pone.0234395.ref056]\]. Here, Composite Interval Mapping (CIM), one of the most frequently used quantitative trait loci (QTL) analysis method \[[@pone.0234395.ref057]\], was used. Using CIM, putative QTLs were identified using the phenotypic and SSR marker by R/qtl package \[[@pone.0234395.ref058]\] in R. The QTL map was constructed using MAPdisto version 2.0 \[[@pone.0234395.ref059]\]. During this analysis, the derived genetic map, missing phenotypes and frequency of other phenotypic data presented as [S1 Fig](#pone.0234395.s002){ref-type="supplementary-material"}.

Supporting information {#sec017}
======================

###### 

(XLSX)

###### 

Click here for additional data file.

###### Genetic map, frequency distribution pattern of phenotypic data.

(DOCX)

###### 

Click here for additional data file.

###### List of 52 SSR markers used in this study.

(DOC)

###### 

Click here for additional data file.
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A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Evangelia V. Avramidou, PhD

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We suggest you thoroughly copyedit your manuscript for language usage, spelling, and grammar. If you do not know anyone who can help you do this, you may wish to consider employing a professional scientific editing service.  

Whilst you may use any professional scientific editing service of your choice, PLOS has partnered with both American Journal Experts (AJE) and Editage to provide discounted services to PLOS authors. Both organizations have experience helping authors meet PLOS guidelines and can provide language editing, translation, manuscript formatting, and figure formatting to ensure your manuscript meets our submission guidelines. To take advantage of our partnership with AJE, visit the AJE website (<http://learn.aje.com/plos/>) for a 15% discount off AJE services. To take advantage of our partnership with Editage, visit the Editage website ([www.editage.com](http://www.editage.com)) and enter referral code PLOSEDIT for a 15% discount off Editage services.  If the PLOS editorial team finds any language issues in text that either AJE or Editage has edited, the service provider will re-edit the text for free.
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a\) The name of the colleague or the details of the professional service that edited your manuscript

b\) A copy of your manuscript showing your changes by either highlighting them or using track changes (uploaded as a \*supporting information\* file)

c\) A clean copy of the edited manuscript (uploaded as the new \*manuscript\* file)

3\. We noticed you have some minor occurrence of overlapping text with the following previous publication(s), which needs to be addressed:

<https://pdfs.semanticscholar.org/43d0/358a21b1cd4bb572b3879c77f0cdc9526536.pdf>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

4\) We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For more information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially sensitive information, data are owned by a third-party organization, etc.) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

5.Thank you for stating the following financial disclosure:

\"The funders had no role in study design, data collection and analysis, decision to

publish, or preparation of the manuscript.\"

Please provide an amended Funding Statement that declares \*all\* the funding or sources of support received during this specific study (whether external or internal to your organization) as detailed online in our guide for authors at <http://journals.plos.org/plosone/s/submit-now>.  

Please state what role the funders took in the study.  If any authors received a salary from any of your funders, please state which authors and which funder. If the funders had no role, please state: \"The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\"

Please include your amended statements within your cover letter; we will change the online submission form on your behalf.

Additional Editor Comments (if provided):

The manuscript entitled: "Nutritional associated QTLs and diversity analysis in aromatic rice germplasm" presents new QTL for aromatic rice varieties in relation with Fe and Zn concentrations. The manuscript, first of all, needs English editing and I also have some major comments below.

Abstract: needs rewriting and English editing

How cluster analysis has been performed? It must be written in the abstract also. How was the QTL were produced?

Line 80: write LSD as Least Square Distance

Line 222: here you report that 45 polymorphic markers were distributed across the 12 chromosomes, how do you know that? Did you perform the analysis or you got this information from previously published papers? I suppose that you want to say that you elected these SSR from the database in order that SSR will be distributed across the 12 chromosomes ...etc

Line 257: probability must be indicated with small letter

Line 95: while you discuss about results of cluster analysis, there is no description on materials and methods of the algorithm used for the construction of clusters

Line 137: why this variety had highest concentration, discuss more about this issue.

Line 143: did you have any common genotypes or varieties with other studies?

Line 155: what is GLM analysis?

Line 157: what is GY?

Line 158: what is IRRI?

I cannot understand from the manuscript quite a lot points.

Did you perform association mapping and after CIM for QTL identification? please provide details about the method. This is not clearly described in the materials and methods.

A LOD equal to 2.02 is not a strong LOD in order to state that you found a highly significant QTL,

Also you do not discuss about the variance explained from the QTL which is also low (7.89%), provide examples from other studies with LOD scores and variance explained.

Also you do not discuss about positions of QTL; this is only written in the abstract.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Comment: We suggest you thoroughly copyedit your manuscript for language usage, spelling, and grammar. If you do not know anyone who can help you do this, you may wish to consider employing a professional scientific editing service.

Response: Prof Barry Pittendrigh, Michigan State University, USA edited the paper.

Additional Editor Comments (if provided):

Comment: The manuscript entitled: "Nutritional associated QTLs and diversity analysis in aromatic rice germplasm" presents new QTL for aromatic rice varieties in relation with Fe and Zn concentrations. The manuscript, first of all, needs English editing and I also have some major comments below.

Response: Thank you so much. The manuscript has been edited by a native English expert Prof Barry Pttendrigh, potential coauthor

Comment: Abstract: needs rewriting and English editing

Response: It has been revised and edited.

Comment: How cluster analysis has been performed? It must be written in the abstract also. How was the QTL were produced?

Response: The cluster analysis and QTL identification procedures are written in the materials and methods section and also briefly added in the abstract. Line 351-361, Line 340-342.

Comment: Line 80: write LSD as Least Square Distance

Response: Thanks, we elaborated the full meaning of LSD that indicate in our paper. LSD indicates Least Significant Difference. This full name has been added in the text.

Comment: Line 222: here you report that 45 polymorphic markers were distributed across the 12 chromosomes, how do you know that? Did you perform the analysis or you got this information from previously published papers? I suppose that you want to say that you elected these SSR from the database in order that SSR will be distributed across the 12 chromosomes ...etc

Response: Yes, you are right. We get these SSR information from Gramene website (<https://archive.gramene.org/markers/microsat/>). This can be found in the reference number 44.

Comment: Line 257: probability must be indicated with small letter

Response: Okay, thank you. The P is corrected with p in the text.

Comment: Line 95: while you discuss about results of cluster analysis, there is no description on materials and methods of the algorithm used for the construction of clusters

Response: Thank you very much for your nice comment. Now we added the method which was used to construct cluster. A UPGMA cluster dendrogram of 113 aromatic rice germplasm based on 4 physio-chemical traits was constructed using PAST software package (46) following Ward\'s hierarchical clustering method. Line 340-342.

Comment: Line 137: why this variety had highest concentration, discuss more about this issue.

Response: Thank you very much this comment. We discussed this issue elaborately in discussion section. Line 170-177.

Comment: Line 143: did you have any common genotypes or varieties with other studies?

Response: Yes. We used common germplasm which was already used in other studies both phenotypic and genotypic analysis (Islam et al. 2017). In this study, we used four quantitative physico-chemical data (Fe, Zn, protein and amylose content) only which were not published anywhere.

Islam MZ, M Khalequzzaman, M K Bashar, N A Ivy, MA K Mian, BR Pittendrigh, MM Haque and MP Ali (2018) Variability assessment of aromatic rice germplasm by pheno-genomic traits and population structure analysis. Scientific Reports volume 8, Article number: 9911.

Comment: Line 155: what is GLM analysis?

Response: GLM stands for General linear model. This model was used for assessment of marker-trait associations (MTA). Line 353.

Comment: Line 157: what is GY?

Response: GY stands grain yield. Corrected in the text.

Comment: Line 158: what is IRRI?

Response: IRRI stands for International Rice Research Institute. Now added in text.

Comment: I cannot understand from the manuscript quite a lot points. Did you perform association mapping and after CIM for QTL identification? please provide details about the method. This is not clearly described in the materials and methods.

Response: We performed association mapping for four quantitative traits viz., Fe, Zn, amylose and protein content in rice grain. We also performed CIM for QTLs identification and map was constructed using MAPdisto version 2.0 \[51\]. Line 352-361.

Comment: A LOD equal to 2.02 is not a strong LOD in order to state that you found a highly significant QTL, Also you do not discuss about the variance explained from the QTL which is also low (7.89%), provide examples from other studies with LOD scores and variance explained.

Response: Thank for this important comment which strongly improve our manuscript. We added this information in discussion section. Lines 222-244.

Comment: Also you do not discuss about positions of QTL; this is only written in the abstract.

Response: Thanks for this comment. Now we have added the position of all QTLs in the discussion part. Line 143-150. Line 218-234.
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Click here for additional data file.
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Mapping QTLs underpin nutrition components in aromatic rice germplasm

PLOS ONE

Dear Dr Ali,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jul 02 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Evangelia V. Avramidou, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Dear authors,

I have still quite points in order to improve your manuscript. First of all the revised manuscript did not have numbered lines so I had to work in the pdf file by adding comments.

Please adress all the comments that I have included in the attached pdf.

\[Note: HTML markup is below. Please do not edit.\]

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

20 May 2020

Response of Reviewer comments

Mentioned line number of revised texts matched with only track changed revised manuscript. So please match with track changed version for line numbering.

1\. Rephrase as: "As rice is an important staple food globally, research for development and enhancement of its nutritional value it is an imperative task."

Response: We revised as suggested sentence. Line 26-27.

2\. You cannot say healthier rice maybe you should write "better quality".

Response: We rephrased as better quality at each location throughout the manuscript. Line 29.

3\. In this study, we analyzed 113 aromatic rice germplasm in order to identify quantitative trait loci (QTL) underpinning nutrition components and measured by measuring the normal frequency distribution for Fe, Zn, amylose, and protein content in those rice germplasm.

Response: We revised as suggested sentence. Line 29-32

4\. Erase "in the tested germplasm."

Response: We erased these. Line 35.

5\. Please rephrase the sentence

Response: We revised it. Line 50-51.

6\. position instead of positions

Response: We deleted "s" from positions. Line 51

7\. substitute release with development of new varieties

Response: We did it. Line 57-58.

8\. please provide also LOD scores in the abstract

Response: We added LOD value where necessary. Thanks

9\. provide a reference (Introduction start)

Response: We added reference 6 (Richard 2012).

10\. Erase "Given that" substitute with "According to FAO, more than..."

Response: We did it. Line 81

11\. erase thus substitute with for

Response: We did. Line 85.

12\. Initiate another sentence from: "as has already been done for already Zn-enriched rice varieties in Bangladesh, India, and Philippines \[12\]." But rewrite it as: "A biofortification breeding program was succeeded for Zn-enriched rice varieties in Bangladesh, India, and Philippines \[12\]."

Response: We revised as suggested sentence. Line 88-89.

13\. rewrite the sentence

Response: We revised this sentence. Line 96-98.

14\. better quality rice in terms of a healthier life

Response: We changed this. Line 122

15\. Erase: "including but not limited to" and substitute with "like complex genetic...."

Response: We used like. Line 125

16\. erase \"too\"

Response: We erased "too".

17\. Rephrase "In contrast, to identify" as "In contrast, identification of quantitative trait loci (QTLs)..."

Response: We did id. Line 128

18\. Substitute: "Further" with "Furthermore,"

Response: We changed it. Line 130.

19\. Rephrase "few to no studies" with "limited studies"

Response: We did it. Line 149

20\. Substitute "high yielding genotypes for Fe" with "high yield genotypes for Fe"

Response: We did it. Line 151

21\. specify the units (results start)

22\. specify the units

Response: We added units where necessary. Thanks.

23\. Exhibited

Response: We changed as exhibited. Line 167

24\. specify the units

25\. provide LOD score

26\. provide LOD scores

27\. provide LOD score

28\. provide LOD scores

Response: We added LOD value and units where necessary. Thanks

29\. provide a reference (discussion start)

Response: We added references (30, 31). Line 232.

30\. why did you use Mahalanobis distance explain the superiority over other genetic distances

Response: Data fitted well. So we used this distance.

31\. I do not agree with the term major due to two reasons A major QTL is when LOD score is above 3 and major effects they have if they explain a high percentage of variance, here you report one QTL with a maximum LOD 2.02 and 7.89 % variance

Response: We revised this such as we identified several novel loci. Line 256

32\. replace minor instead of major

Response: Thanks for this important comment. We changed it. Line 260

33\. LOD value?

Response: We added LOD value. Line 264

34\. place a \"=\"

Response: We added =. Line 269.

35\. replace researchers with studies

Response: We replaced with studies. Line 271.

36\. Add \" In the same study, another locus\...\"

Response: We added suggested phrase. Line 280

37\. add \"QTLS\"

Response: We added. Line 288

38\. erase we used (Mathods)

Response: We erased them. Line 291

39\. add were used

Response: We added them. Line 293

40\. 52 instead of fifty-two

Response: We wrote 52 instead of fifty-two. Line 343

41\. erase in terms of their bands

Response: We erased these. Line 345

42\. I think that it is important to show to to the readers which SSR markers you used so please provide a supplementary table

Response: We added markers data as supplementary file. Line 343.

43\. Erase "with" 3 were linked to aromatic traits," and replace it with "from those 3 were linked

Response: We did it. Line 347.

44\. erase were

Response: Thanks. We erased were. Line 370.
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Mapping QTLs underpin nutrition components in aromatic rice germplasm

PLOS ONE

Dear Dr. Ali,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please submit your revised manuscript by Jul 05 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Evangelia V. Avramidou, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Dear authors,

I have a single correction in Line 260 substitute \"we used\" with \"were used\". Please correct it.

\[Note: HTML markup is below. Please do not edit.\]

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Commend: Dear authors,

I have a single correction in Line 260 substitute \"we used\" with \"were used\". Please correct it.

Response: We revised it. Thanks. Line 254.

10.1371/journal.pone.0234395.r007
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Dear Dr. Ali,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Evangelia V. Avramidou, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Dear authors,

I think that now, manuscript is ready for publication.

With kind regards

Reviewers\' comments:
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Dear Dr. Ali:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Evangelia V. Avramidou

Academic Editor

PLOS ONE
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